Abstract. The present study evaluated the effects of once-daily memantine (20 mg) treatment on cognition and communication in patients with moderate to severe Alzheimer's disease (AD). In a multicenter, single-arm open-label study, outpatients diagnosed with AD (MMSE < 20; n = 97) were titrated from 5 mg to 20 mg once-daily memantine over 4 weeks. Once-daily memantine treatment (20 mg) was then continued for 8 weeks, followed by a 4-week wash-out period. The primary efficacy endpoint was the change from baseline in the Consortium to Establish a Registry for Alzheimer's Disease -Neuropsychological Battery (CERAD-NP) total score. Secondary efficacy endpoints included change from baseline in Functional Communication Language Inventory (FLCI) and ADCS-ADL 19 total score, and the response from baseline in Clinical Global Impression of Change (CGI-C). The CERAD-NP total score improved significantly after 12 weeks of once-daily memantine treatment compared with baseline (5.9 ± 8.8; p < 0.0001). The FLCI total score improved significantly after 12 weeks compared with baseline (4.4 ± 6.8; p < 0.0001). These significant improvements were already observed after 4 and 8 weeks of once-daily memantine treatment and persisted after a 4-week wash-out period. ADCS-ADL 19 total scores showed only slight increases from baseline, and CGI-C indicated that the majority of patients experienced an improvement or stabilization of the disease after 12 weeks. At least one Treatment-Emergent Adverse Event was reported by 38 (39.2%) patients. In patients with moderate to severe AD, once-daily memantine (20 mg) treatment significantly improved cognition and functional communication and was found to have a favorable safety and tolerability profile.
INTRODUCTION
The FLCI was chosen, because patients with moderate to severe AD are still able to perform its items.
MATERIALS AND METHODS
The overall objective of the study was to evaluate the effects of once-daily memantine treatment on cognitive function and communication in patients with dementia of Alzheimer's type and a Mini Mental State Examination (MMSE) <20 at screening. In addition, the safety and tolerability of once-daily memantine was assessed. The study was prospective, single-arm, multi-center, and open-label.
Patients
Patients were screened and treated at 21 study centers in Germany and Austria. The study was approved by an Independent Ethics Committee (IEC) and was performed in accordance with the International Conference on Harmonisation (ICH) guideline for Good Clinical Practice (GCP), the ethical principles of the Declaration of Helsinki, and the national regulations. All patients provided written informed consent to participate.
Patients eligible for study inclusion were male or female outpatients aged ≥50 years, with a current diagnosis of probable AD according to the National Institute of Neurological and Communicative Diseases and Stroke/Alzheimer's Disease and Related Disorders Association (NINCDS-ADRDA), and the Diagnostic and Statistical Manual of Mental Disorders Text Revision (DSM-IV-TR) criteria for dementia of the Alzheimer's type, and consistent with results of magnetic resonance imaging (MRI) or computer tomography (CT) scans. The MMSE total score was < 20 at screening. In addition, eligible patients had ≥8 years of education, were experiencing communication difficulties assessed by Clinical Global Impression (CGI) and judged by a physician to be consistent with a diagnosis of AD, and had sufficient sight and hearing to undertake the study-related procedures and psychometric tests. Exclusion criteria included evidence of any clinically significant and active central nervous system disease (other than AD) or disease of any other major body system, unstable psychiatric illness (other than symptoms associated with AD), including psychotic disorders and bipolar or unipolar depression, or a modified Hachinski Ischemia score > 4.
Patients being treated with an acetylcholinesterase inhibitor (AChEI) were included if the dose was sta-ble during the last 3 months prior to study entry. Dose changes, switching from one AChEI to another, or discontinuation of the AChEI treatment during the study period was prohibited.
Study procedures
Patients were screened for eligibility one week prior to baseline (Fig. 1) . Eligible patients meeting all inclusion criteria and who did not meet any of the exclusion criteria were enrolled by the study investigators to receive treatment with once-daily memantine. As this was an open-label, single-arm study, all patients received the same treatment. Once-daily memantine was titrated upwards from 5 mg to 20 mg over 4 weeks (Weeks 1 to 4): 5 mg in Week 1, 10 mg in Week 2, 15 mg in Week 3 and 20 mg in Week 4 ( Fig. 1) . From Weeks 5 to 12 (8 weeks), patients received a 20 mg maintenance dose of once-daily memantine. This was followed by a wash-out period of 4 weeks (Weeks 13 to 16) (Fig. 1 ). Patients were instructed to take study medication orally with water and were informed that it could also be taken with a meal.
The study period was 17 weeks in total (including the one-week screening period), which included 12 weeks of treatment with once-daily memantine.
Study endpoints
The primary efficacy endpoint was the mean change from baseline to Week 12 in the Consortium to Establish a Registry for Alzheimer's DiseaseNeuropsychological Battery (CERAD-NP) total score [5, 6] . Secondary efficacy endpoints included the mean change from baseline to Week 4, Week 8, Week 12, and from Week 12 to Week 16 in the CERAD-NP total score and the single-item subscores of the CERAD-NP sub-tests (see 'Assessment scales' section below), the FLCI total score [7] , the 19-item Alzheimer's Disease Cooperative Study-Activities of Daily Living Inventory (ADCS-ADL 19 ) total score [8, 9] , the Clinical Global Impression of Change (CGI-C) [10] , and in the Phonemic Verbal Fluency Test (S-words) [11] .
Assessments for the primary efficacy endpoint (CERAD-NP total score) were performed at every visit from baseline to Week 16. All secondary efficacy variables were assessed at every visit from baseline to Week 16, with the exception of the CERAD-NP single-item subscore for MMSE which was assessed at screening and at each visit from Week 4 to Week 16, and CGI-C, which was assessed at each visit from Week 4 to Week 16.
Safety and tolerability assessments included the recording of adverse events (AEs), vital signs and abnormalities in laboratory evaluations (hematology, biochemistry, and urinalysis). AEs were evaluated for severity, seriousness, and causal relationship with the study drug. Serious AEs (SAEs) were defined as AEs that resulted in death, were life-threatening/disabling, or required hospitalization. AEs and vital signs were assessed at each visit from screening to Week 16. Laboratory evaluations were conducted at screening and Week 16.
Assessment scales
The CERAD-NP test battery is a standard measure of cognition in patients with dementia and assesses language, learning, construction, and memory. The test battery is composed of 5 sub-test groups derived from previously-established cognitive tests: verbal fluency (animal naming), Modified Boston Naming Test (MBNT), MMSE, constructional ability (constructional praxis, figures recall), word list memory (word list learning, word list recall, word list recognitiondiscriminability) [5; 6] . The CERAD-NP total score is the sum of the single-item subscores of the sub-tests (excluding MMSE and figures recall) with scores in the range of 0-100 (high numbers reflect good cognitive status).
The FLCI test battery is a standardized instrument used to evaluate functional communication abilities in moderate to severe dementia patients [7] . Ten subtests assess greeting and naming, writing, following commands, gesture, sign comprehension and objectpicture matching, word reading and comprehension, answering questions, reminiscing, pantomime, and conversation. The FLCI total score is the sum of the ten sub-test scores with a range of 0-87 (high numbers reflect good functional communication) [7] . In the present study, for the first time, a German translation of the inventory was used.
The ADCS-ADL 19 scale is a comprehensive battery of ADL questions used to measure the day-to-day functional capabilities of patients with moderate to severe dementia. A subset of 19 items rate the patient's ability to eat, dress, bathe, telephone, travel, shop, and perform other household chores. The ADCS-ADL 19 total score is the sum of the 19 subscores with a range of 0-54 (low scores indicate functional impairment) [8, 9] .
The CGI-C is a scale to assess the overall treatment response in patients with AD. The clinician rates the improvement or deterioration of a patient's illness as compared with the baseline state, using a 7-point rating scale where 1 = very much improved and 7 = very much worse [10] .
The Phonemic Verbal Fluency Test (S-words) is used to measure the letter verbal fluency in patients with AD. Subjects are instructed to say as many words as possible beginning with the letter 'S' in a period of one minute [11] .
Statistical analyses
Data analysis was performed on three sets of patient samples -the safety evaluation set (SES) (all enrolled patients who received study medication at least once), the full analysis set (FAS) (all enrolled patients from the SES who had a baseline CERAD-NP total score, reached the maximum once-daily memantine dose of 20 mg after the 4-week titration period and had ≥1 post-baseline CERAD-NP total score measurement at Week 4, Week 8, or Week 12), and the per protocol set (PPS) (all subjects from the FAS for whom no major protocol deviations were reported). The evaluation of safety was based on the SES. In the evaluation of effects, PPS was used for confirmatory analyses. Significant effects were concluded if the statistical analyses based on both FAS and PPS data sets showed statistically significant results.
Sample size was calculated based on a 4-point change from baseline to Week 12 in CERAD-NP total score, with a standard deviation of 11.5 points. On this basis, a sample of 89 evaluable patients assured a statistical power of 90%, using a one-sided, single-group, t-test at the 2.5% level of significance. However, to account for the possibility that 25% of patients from the SES might not be included in the final analysis (due to a missing baseline CERAD-NP total score, failure to reach the maximum once-daily memantine dose of 20 mg after a 4-week titration period, no post-baseline CERAD-NP total score observation, or a major protocol deviation), enrolment of 119 subjects in total was required to achieve 89 patients for evaluation.
Where data was missing for CERAD-NP total scores at Week 12 (due to missing subscores), an imputation strategy was applied to each missing subscore. The last observation carried forward approach was used if the last available post-baseline subscore at Week 4 or Week 8 showed an improvement over baseline (or screening for MMSE), or no change. If there was deterioration at the last available post-baseline subscore at Week 4 or Week 8 compared with baseline (or screening for MMSE), then a worst-case imputation was implemented, i.e., the missing CERAD-NP subscore at Week 12 was set to 0. The CERAD-NP total score for Week 12 was then calculated after imputation of the missing subscores. The same rule applied to data missing for CERAD-NP subscores at Week 4 and Week 8. However, if no previous post-baseline subscore was available, then the next post-baseline subscore was considered (with the exception of Week 16, due to treatment being stopped at Week 12). In the case of an improvement over baseline (or screening for MMSE) or no change, the missing subscore was imputed by the baseline outcome (or screening outcome for MMSE). If there was a deterioration compared with baseline (or screening for MMSE), the subscore was to be carried backwards to impute the missing information. CERAD-NP total scores at Week 4 and Week 8 were then calculated after imputation of the missing subscores. Missing CERAD-NP subscores at Week 16 were not imputed and, consequently, respective CERAD-NP total scores at Week 16 could not be calculated. Imputation of missing data for FLCI, ADCS-ADL 19 , and the Phonemic Verbal Fluency Test was applied, similar to the methodology for missing CERAD-NP scores, except that if there was no postbaseline measurement at Weeks 4, 8, or 12, the patient was excluded from the statistical analysis. Missing values for CGI-C were not imputed and, in these instances, patients were removed from the statistical analysis.
Analysis of the primary and secondary efficacy endpoints was performed on the FAS and the PPS using a one-sided, single-group, t-test at a significance level of 2.5%. Two-sided confidence intervals (CI) at a 95% confidence level for the mean change of patient status compared with the baseline situation were calculated (summary statistics of the secondary efficacy endpoints were predefined; calculation of confidence intervals and p-values was conducted post-hoc). A post-hoc subgroup analysis defined by MMSE score at screening (MMSE < 15 and MMSE ≥15) was performed on the FAS for the primary efficacy variable, CERAD-NP total score. Safety and tolerability analyses were conducted on the SES. Descriptive statistics of AEs were calculated for treatment-emergent AEs (TEAEs) only. TEAEs were defined as AEs with onset or worsening on or after the first dose of study treatment, up to and including 28 days after the last dose.
RESULTS

Baseline characteristics
The study period was from the 24th October 2007 (first patient screened) to 3rd December 2008 (last patient completed the study). The flow of patients through the study is shown in Fig. 2 . Baseline characteristics of the patient population (SES) are presented in Table 1 .
This report presents data for the SES (n = 97), the FAS (n = 92) and the PPS (n = 81). Protocol deviations leading to exclusion from the FAS were identified in 5 (5.2%) of the 97 treated patients and were mainly due to patients not reaching the maximum once-daily memantine dose of 20 mg after the 4-week titration period (Fig. 2) . Major protocol deviations leading to exclusion from the PPS were identified in 16 (16.5%) of the 97 treated subjects. These consisted of the 5 subjects already excluded from the FAS above, 2 subjects who had prohibited concomitant medication and premature trial termination prior to visit 5, 4 subjects who violated inclusion criteria (3 had MMSE > 19 at screening), 4 subjects who had lack of compliance/reduced dose, and 1 subject for whom the CERAD-NP total score at visit 5 was missing. Overall, compliance with study medication was very good in the majority of patients with a percentage compliance (i.e., number of tablets taken calculated as a percentage of the number of tablets prescribed) of 95.8%.
Validation
Correlations of the FLCI with sub-items of the CERAD-NP and verbal fluency testing gave satisfying evidence for construct validity ( Table 2 ). The FLCI total score correlated highest (r = 0.80) with the CERAD modified Boston Naming Test (BNT), a wellknown measure of naming and language ability.
The FLCI correlated moderately with the CERAD verbal fluency test (r = 0.54) and the phonemic verbal fluency test (r = 0.39). Probably these correlations were smaller than with the CERAD modified Boston Naming Test, because both verbal fluency tests do not only capture language ability, but also executive ability; i.e., they are a less straightforward measure of language than the BNT. Moderate correlations of the FLCI with CERAD Word list recall and CERAD Word list recognition are likely due to their memory component apart from their language component. 
Effects
The primary efficacy endpoint was the mean change from baseline to Week 12, in the CERAD-NP total score. The mean change from baseline in the CERAD-NP total score increased (improved) at each visit from baseline to Week 12 and, following cessation of treatment, decreased slightly at Week 16 (Fig. 3) . The CERAD-NP total score was significantly greater after 12 weeks of once-daily memantine treatment compared with baseline (5.9 ± 8.8; p<0.0001) (Fig. 3) . The significant improvement in CERAD-NP total score over baseline was evident from Week 4 (3.3 ± 6.1; p < 0.0001) and was maintained at Week 16 following 4 weeks of wash-out (4.4 ± 8.0; p < 0.0001), despite a significant reduction in the mean change from Week 16 compared with that observed at Week 12 (2.0 ± 5.5; p = 0.0004) (Fig. 3) . Results for the PPS were comparable to those of the FAS, confirming the statistically significant effect of once-daily memantine on the cognitive status of patients with AD as assessed by CERAD-NP total score. The results for the CERAD-NP single-item subscores of the sub-tests are presented in Table 3 . For each single-item subscore, the results for the PPS were similar to the FAS results, with the exception of the two sub-tests for constructional ability: constructional praxis at Week 12 (FAS, 0.3 ± 2. Statistical analysis for the secondary efficacy endpoints was performed post-hoc using a one-sided, single-group t-test at a significance level of 2.5%. The secondary efficacy variable, FLCI total score, showed a steady increase (improvement) in the mean change from baseline at each visit from baseline to Week 12, decreasing slightly at Week 16 ( Fig. 4 ; Table 3 ). After 12 weeks of once-daily memantine treatment, the mean change from baseline in FLCI total score was significantly greater compared with baseline (4.4 ± 6.8; p < 0.0001) ( Fig. 4; Table 3 ). The significant improvement in FLCI total score over baseline was evident from Week 4 (2.9 ± 5.4; p < 0.0001) and was maintained at Week 16 following 4 weeks of wash-out (3.6 ± 7.0; p < 0.0001), despite a significant reduction in the mean change from Week 16 compared with that observed at Week 12 (1.1 ± 4.8; p = 0.0136) (Fig. 4 ; Table 3 ).
Analysis of the secondary efficacy endpoint, mean change from baseline in ADCS-ADL 19 total score, showed only slight post-baseline improvements from baseline to Week 12, returning to near baseline values at Week 16 ( Fig. 5; Table 3 ). Following 4 weeks of wash-out, the mean change from baseline in ADCS-ADL 19 total score had significantly decreased at Week 16 compared with that observed at Week 12 (0.9 ± 3.7; p = 0.0139) (Fig. 5) .
The results for the secondary efficacy endpoint assessing the response versus baseline in CGI-C over time indicated that the majority of patients experienced an improvement or stabilization of the disease from as early as Week 4 (Fig. 6) . After 4 weeks of washout, a higher number of patients showed some degree of deterioration at Week 16, compared with all other time points (Fig. 6) . The results for the Phonemic Verbal Fluency Test showed a significant improvement over baseline after 12 weeks of once-daily memantine treatment (1.2 ± 2.8; p < 0.0001).
For each of the secondary endpoints, the results in the PPS were similar to the FAS results.
The results of the subgroup analysis defined by MMSE score at screening for the primary efficacy endpoint, CERAD-NP total score are presented in Table 4 . In both subgroups, there was a significant increase (improvement) in CERAD-NP total score at Week 12 compared to baseline (Table 4) . After 4 weeks of washout, patients with an MMSE < 15 at screening showed a decrease (deterioration) in CERAD-NP total score compared to Week 12, which was not significantly different from baseline. In contrast, patients with MMSE ≥15 at screening showed CERAD-NP total scores that were decreased compared to Week 12, but still significantly increased compared to baseline (Table 4) Most, but not all of the ten FLCI subtests had significant changes from baseline to week 12 (end of study medication, Table 5 ). The most robust changes were found for "greeting and naming", "pantomime", "word reading and comprehension", "gesture" and "conversation". Probably, lack of range was the most important Statistical analysis for the secondary efficacy endpoints was performed post-hoc using a one-sided, single-group t-test at a significance level of 2.5%.
reason in subtest "following commands", and bottom effects influenced "comprehension of signs" and "reminiscing".
Safety and tolerability
The mean exposure of patients to once-daily memantine was 83.7 ± 9.2 days with a cumulative exposure of 8,116 days.
During the course of the study, 38 (39.2%) patients experienced TEAEs. The most frequent TEAEs, occurring in ≥2 patients, are presented in Table 6 . Fatigue (n = 6; 6.2%) was the most commonly reported TEAE among patients, followed by anorexia, nasopharyngitis, and nausea each occurring in 4 (4.1%) patients (Table 5 ). The majority of TEAEs were mild or moderate in intensity. TEAEs were considered by the investigator to be related to study medication in 13 (13.4%) patients. The related TEAEs that occurred in ≥1 patient were fatigue (n = 4; 4.1%), nausea (n = 3; 3.1%), anorexia (n = 3; 3.1%), and agitation (n = 2; 2.1%).
Three (3.1%) patients experienced a TEAE that led to premature study termination, reported as hypertensive emergency (n = 1; 1.0%), diarrhea (n = 1; 1.0%), and chills, pyrexia and confusional state (n = 1; 1.0%); only the event of diarrhea was considered by the investigator to be related to study medication.
Treatment-emergent serious AEs (TESAEs) were reported for 3 (3.1%) patients: syncope (n = 1; 1.0%), dehydration resulting from an insufficient intake of fluids (exsiccosis) due to the common cold (n = 1; 1.0%), and acute myeloid leukemia (n = 1; 1.0%). None of these events were considered by the investigator to be related to study medication.
One (1.0%) death occurred during the study due to acute myeloid leukemia; the event was not considered by the investigator to be related to study medication.
Analysis of clinical laboratory data and vital signs raised no safety concerns.
DISCUSSION
The study evaluated a once-daily regimen of memantine for efficacy, safety, and tolerability, in the treatment of AD-related cognition and communication issues in patients with moderate to severe AD.
The results of this study showed that after 12 weeks of treatment with once-daily memantine, patients with moderate to severe AD significantly improved in cognition and functional communication, from as early as 4 weeks after the start of treatment. Results in the PPS were consistent with those in the FAS.
The benefits of memantine illustrated in this current study, support previous findings with memantine and other anti-dementia medications [12] . Indeed, recent clinical studies have suggested benefits for communication with the use of the AChEI, rivastigmine, in terms of spontaneous speech in patients with mild to moderate AD following 6 months of treatment [4] . There is also evidence to suggest that the Nmethyl-D-aspartate receptor antagonist, memantine, may improve communication in patients with AD. In a retrospective analysis of a randomized, controlled trial [13] , memantine showed significant benefits over placebo in the Alzheimer's Disease Assessment Scalecognitive subscale (ADAS-Cog) individual item of language, following 24 weeks of treatment in patients with mild to moderate AD [14] . Similar findings have been reported for patients with moderate to severe AD following 24 weeks of memantine treatment by way of two post-hoc analyses of pooled data [15, 16] . In the first analysis, memantine treatment resulted in significantly more patients improving on a language cluster than placebo (assessed using the ADAS-cog and the Severe Impairment Battery; SIB) [15] . In the second analysis, memantine showed significant benefits over placebo in terms of single items such as commands, orientation, comprehension, remembering test instructions, and language (assessed using the ADAS-Cog and SIB) [16] .
As the present study was open-label, there was the potential for bias due to both patients and caregivers, as well as raters, being aware of the treatment schedules, i.e., when memantine was started and stopped. However, the total scores for CERAD-NP and FLCI remained significantly higher than baseline following the period of wash-out despite the fact that patients and caregivers knew that memantine was no longer being given.
It is important to note that although there was a significant reduction in the cognition and functional communication scores at the end of the wash-out period (Week 16) compared with the end of treatment (Week 12), the respective scores were still significantly higher after 4 weeks of wash-out than they were at baseline. The sustained positive effects of memantine at 4 weeks after wash-out are unlikely to be explained by the activity of the drug itself, because the estimated elimination half-life of memantine is 60-100 h [17] . It is an interesting hypothesis that memantine induces improvement of neuronal activity, that results in better synaptic function and ultimately neuronal plasticity, with benefits that persist after cessation of therapy. Similar effects have been discussed after wash-out of levodopa in patients with Parkinson's disease [18] . In their study, based on presumed toxic effects of levodopa on dopaminergic neurones, reduced performance in the levodopa-treated group relative to placebo-treated patients was expected following washout [18] . However, patients that had received levodopa for 40 weeks still showed benefits after a wash-out period of 2 weeks compared with the placebo-treated group [18] . The observed reduction of benefit upon withdrawal of treatment highlights the need for patients to be treated continuously in order to gain most benefit. In our study we did not observe a discontinuation syndrome [19] during the wash-out period after cessation of memantine. This has recently been described in two patients after abrupt cessation of memantine [20] . Similarly, a discontinuation syndrome was reported after cessation of donepezil [21] . In contrast to the sustained effects after a 4-week wash out of memantine, no further positive effects are observed after a 24-week treatment period with donepezil followed by a 6-week wash out period [22] .
Memantine also demonstrated a stabilization of symptoms over the 12-week treatment period in terms of ADL and CGI-C, indicating that memantine allows patients to retain their everyday functioning by providing an overall beneficial response to treatment.
Once-daily memantine showed a favorable safety and tolerability profile. All the TEAEs reported were to be expected in AD patients receiving memantine. The most commonly reported TEAE was fatigue which is a known adverse reaction to memantine. Anorexia, agitation, confusional state, delirium, depression, and vertigo have all been associated with AD. Nausea and syncope are known side effects of AChEI, which were a common concomitant medication in the present study. Furthermore, reports of nasopharyngitis, arthralgia, influenza, and rhinitis are not unexpected in an elderly population such as the patients enrolled in this study. The one death that occurred during the study was not considered to be related to treatment and raised no safety concerns for the once-daily regimen of memantine.
In conclusion, the study demonstrated that in patients with moderate to severe AD once-daily memantine improved cognition and functional communication and that treatment was safe and well tolerated.
In the present study, we used and validated the German language version of the FLCI for the first time. Furthermore, we demonstrated that the FLCI and the BNT are sensitive to measure improvement of language and communication deficits during treatment with memantine. We suggest to not only test AD patients for cognitive function but also for their language capacity.
The extent of the sustained effects of memantine as observed in the CERAD-NP, the FLCI, and CGI-C are surprising. This would argue against a predominant placebo effect in the results observed during the first 12 weeks. It is unlikely that these findings are the result of repeated testing with an interval of 4 weeks, because the patients included were already moderately to severely impaired. Furthermore, the CERAD-NP is a complex test battery that consists of different items and is, therefore, not dependent on performance in a single item. In most cases, the item scores reflected the results for the total score, i.e., steady improvement over time, tailing off following wash-out to values that were similar to the improvement seen at Week 8. In addition, similar effects were seen in two language and communication tests.
The conclusions drawn from this study should be interpreted cautiously, due to the open label design. However, a similarly designed placebo-controlled study confirmed our findings [23] .
